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Abstract 
The uptakes of the auxin-type herbicide 2 ,4-D and the non-auxin-type atrazine into maize 
seedlings (Zea mays L. cv. Funk 350) and their effects on the potassium and phosphate uptake, were 
investigated at different p H values. Short incubation of the roots in 0.01 mM 2,4-D caused a marked 
ion uptake inhibition only at low pH. The non-auxin-type herbicide atrazine did not produce such 
an inhibitory effect. Lowering the pH of the uptake solution led to an increased 2,4-D influx by the 
roots, thereby inhibiting the active ion uptake. In the case of atrazine, the change of the p H had no 
influence on either the herbicide or the ion influx. 
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Introduction 
In the intensive maize production, atrazine, a non-auxin-type herbicide, is widely 
used for weed control. However, it does not kill all the weeds. After several years of 
application some weeds, such as Convolvulus sps. and Cirsium sps., can be spread 
to an extent which necessitates the use of 2,4-D, an auxin-type herbicide which is 
very effective against these species (AMMON and HERI, 1979). 
The chlorotriazines (i. e. atrazine, simazine, etc.) are readily taken up by the 
roots of plants, regardless of whether they are resistantor susceptible. Inexperiments 
lasting only a few hours, atrazine rapidly permeated potato tuber slices and excised 
ve lve t l ea f r o o t s (PETERSON a n d EDGINGTON, 1 9 7 6 ; PRICE a n d BALKE, 1982). B e c a u s e 
of this root uptake, chlorotriazines are used for preemergent treatment. The resistant 
corn roots, however, contain an active compound capable to inactivate atrazine and 
s i m a z i n e (KEARNEY a n d KAUFMAN, 1975). 
The phenoxy herbicides (i. e. 2,4-D, MCPA) showing auxin characteristics are 
also readily absorbed by roots (SCOTT and MORRIS, 1970; ZSOLCOS and HAUNOLD, 
1982). In a concentration of 10~4 M 2,4-D effectively stops cation uptake by wheat 
and rice (HAUNOLD a n d ZSOLDOS, 1 9 7 6 ; ZSOLDOS and HAUNOLD, 1979). It w a s recent ly 
found that the bio-activities of auxin compounds vary with the pH of the outer 
m e d i u m (KENNEDY a n d STEWART, 1980; ZSOLDOS e t al . , 1978) . 
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Materials and methods 
Maize seedlings (Zea mays L. cv. Funk 350) were used throughout the experiments. T o ra ise 
the plants, seeds were soaked in running t ap water for 3 hours and left to germinate on wet filter pape r 
in large Petri dishes. After 2 d i y s the young seedlings were placed on stainless steel screens and t rans-
ferred to a growth chamber ( C O N V I R O N - E F 7) or a controlled growth room and cultivated in a 
nutrient solution containing 5 X 1 0 " ' C a S O „ 1 0 " ' M N H . N O , and 10"« M N a H , P O , . Intact plants 
were used at the age of 8 to 14 diys . There were usually 5 plants on a screen. T o start an experiment , 
the screens with plants were placed on beakers containing 250 ml uptake solution. The up take solution 
contained the ions and the herbicides under study; the concentrat ions are given in the Figures. 
The nutrients and herbicides were labelled (10nCi " R b / 1 , 10nCi " P / l , and 10uCi U C/1) . 
After the uptake period the roots were rinsed three times in 400 ml distilled water for 1 min and their 
activities were then determined (ZSOLDOS, 1971). Postexperimental washing in inactive (1 m M K G + 
+0 .5 m M CaCI,) solution (5 min) was also performed to remove ions f rom the free space. It was 
found that the activity in the roots decreased by only 6-8 % compared to washing fo r 1 min in distilled 
water. In our case this difference had no special importance and the experimental material was 
therefore washed in distilled water. 
" R b activity was measured directly in the roots by ^-spectrometry. For " P measurement 
Cherenkov radiation was used. 14C was measured by LSC after the roots had been burned in a Packard 
sample oxidizer. All experiments were carried out on 3 parallel samples; the data given below a re 
the averages. The deviations between the data f r o m the individual determinations were within 10%. 
Results 
The uptake of K(88Rb) by intact maize roots increased with time and pH (Fig. 1.). 
In the presence of 2.4-D (0.01 mM) the uptake of K was reduced, the reduction being 
stronger at lower pH. When atrazine (0.01 mM) was present (Fig. 2.), the uptake of 
K was not impeded and increased both with time and pH. 
Fig. 1. Effects of 2,4-D on K ( " R b ) uptake by maize roots at p H 4 and 6.5. The uptake solution 
contained 5 x 1 0 " « M C a S O „ 10"« M MgSO„ 10"« M N H « N O , and 10"4 M N a H . P O , . 
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Fig. 2. Effects of atrazine on K( M Rb) up take by maize roots at pH 4 and 6.5. Otherwise as in Fig. 1. 
The P uptake increased with time and the decrease of pH. In the presence of 
2,4-D (0.01 mM) the uptake of P was reduced at both pH values, but relatively more 
at 4 than at 6.5 as compared to the control (Fig. 3). Atrazine (0.01 mM) did not 
exert much influence on the P uptake; the P uptake increased with time and decreased 
with increasing pH (Fig. 4). 
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Fig. 3. Effects of 2,4-D on P uptake by maize roots at p H 4 and 6.5. The uptake solution contained 
5 X 1 0 " 4 M CaSO«, 10"« M NH.H.PO«, 10"4 M K N O , and 10"« M MgCl,. 
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Fig. 4. Effects of a t razine on P uptake by maize roots at p H 4 a n d 6.5. Otherwise as in Fig. 3. 
The uptake of 2.4-D (0.01 mM) by maize roots increased with time and was 
higher by a factor of 20 at pH 4 than at 6.5. Only 1/700—1/500 of the amount taken 
up at pH 4 was translocated; the amount translocated increased with time. At pH 6.5 
the translocation amounted to 1/600—1/300 of the uptake (Fig. 5). 
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Fig. 5. Effects of p H on uptake of "C-2 .4 -D and its t ransport within maize plants. The up take solut-
ion contained 0.01 m M 2.4-D + 5 X 1 0 " 4 M C a S O , + 1 0 " s M KCI + 1 0 " 4 M MgCI, a n d 10" 4 M 
N a H , P O , . 
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tude at the two pH values. Compared to 2,4-D, the atrazine uptake at pH 4 was 
30 times and at pH 6.5 2 times lower. Of the atrazine taken up at pH 4, 1/160— 
1/80 was translocated, compared with 1/120—1/30 at pH 6.5 (Fig. 6). 
Fig. 6. Effects of p H on uptake of u C-at raz ine and its transport within maize seedlings. The uptake 
solution contained 0.01 raM atrazine. Otherwise as in Fig. 5. 
An increase of the atrazine concentration (0.1 mM) in the bathing solution 
resulted in an increased uptake and translocation; the apparent pH differences were 
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Fig. 7. Effects of pH on uptake of "C-atrazine and its transport within maize seedlings. The uptake 
solution contained 0.1 m M atrazine. Otherwise as in Fig. 5. 
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Discussion 
The results obtained with the auxin-type herbicide on the ion uptake by maize 
roots at different pH values (Figs. 1 and 3) essentially agree with those found for 
wheat and rice (ZSOLDOS et al„ 1978; ZSOLDOS and HAUNOLD, 1982). Since 2 ,4-D was 
markedly more strongly absorbed at pH 4 than at 6.5, the inhibition of the ion uptake 
was to be expected (Figs. 5 and 1). The inhibition of the K uptake increased with time 
as the 2,4-D concentration in the roots increased, too. Earlier work had shown that 
active ion uptake by roots was blocked at a 2,4-D concentration of 0.1 mM, a con-
centration which was likely to be reached within 2 hours of absorption. 
Though phenoxy herbicides are readily absorbed by roots at low pH, the trans-
location to the shoots tends to be restricted (Fig. 5). These results are in full agreement 
w i t h data f r o m t h e l i terature (CRAFTS a n d YAMAGUCHI, 1960; SCOTT a n d MORRIS, 
1970; ZSOLDOS and HAUNOLD, 1979). The poor translocation of root-applied phenoxy 
herbicides apparently results from their strong retention by living cells during their 
passage through the symplast (Loos, 1975). 
As regards atrazine, which is a herbicide of the non-auxin-type, no impeding 
influence on the ion uptake was observed. The herbicide itself was readily taken up 
by the roots, though it did not reach the same concentration as 2,4-D (Figs. 5 and 6). 
Since maize is able to inactivate this herbicide quickly (KEARNEY and KAUFMAN, 
1975), the ion uptake proceeded unimpaired; this was the case even when the atrazine 
concentration in the roots increased by a factor of 20—30 as a result of raising the 
herbicide concentration in the bathing solution from 0.01 to 0.1 mM. After one hour 
of uptake the atrazine content of the roots per 1 g d. m. had reached 2—3 ¡¿mol, 
the phosphate content 3—4ii.mol and the potassium concent 20(imol (Table 1). 
The roots without herbicide treatment took up similar amounts of K and P. 
Table I. Effects of 0.1 m M "C-a t raz ine on ion uptake af ter 1 h ( the values given are in omol/n 
d. m. in the roots) 
K P "C-a t r az ine 
control herbicide treatment control 
herbicide 
treatment — 
p H 4 20 21 3.2 4.2 2.5 
p H 6.5 22 28 2.6 4.1 3.1 
As far as practical agriculture is concerned, the nutrient uptake by maize plants 
will not be affected even if the atrazine concentration in the soil solution reaches 
0.1 mM; furthermore, the pH will not be critical. With 2,4-D, the nutrient uptake 
is very much reduced in acidic soils if the herbicide in the soil solution reaches a 
concentration of 0.01 mM; this should be kept in mind when applying the weed 
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